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ABSTRACT 
This paper presents the behaviour of cold-formed high strength stainless steel 
sections. The test specimens were cold-rolled from flat strips of duplex and high 
strength austenitic stainless steel. The material properties of high strength 
stainless steel square and rectangular hollow sections were determined. Tensile 
coupons at different locations in cross-section were tested. Hence, the 
distributions of 0.2% proof stress and tensile strength measured in the cross-
section of cold-formed high strength stainless steel sections were plotted. The 
material properties of the complete cross-section in the cold-worked state were 
also obtained from stub column tests. Detailed measurements of initial local 
geometric imperfections of the sections were obtained. The initial local plate 
imperfection profiles were plotted. Residual stress measurements of the high 
strength stainless steel sections were also conducted. The membrane and 
bending residual stresses distributions in the cross-section of the specimens were 
obtained. Furthermore, the stub column test strengths were compared with the 
design strengths. 
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Stainless steel sections are often used architecturally in building construction 
because of their superior corrosion resistance, ease of maintenance, and pleasing 
appearance. The mechanical properties of stainless steel are significantly 
different from those of carbon steel. For carbon and low-alloy steels, the 
proportional limit is assumed to be at least 70% of the yield point, but for 
stainless steel the proportional limit ranges from approximately 36 to 60% of the 
yield strength (Yu 2000). Therefore, the lower proportional limits would affect 
the buckling behaviour of stainless steel structural members. Stainless steel can 
display anisotropy and non-linear stress-strain behaviour, and often have low 
proportional limits and a pronounced response to cold working (Macdonald et 
al. 2000). Cold-formed hollow section is formed by cold-rolled with weld of 
annealed flat strip into a circular hollow section then further rolled into square or 
rectangular hollow section. This process of forming by cold-working produces 
considerable enhancement to the material properties of the annealed steel. 
The material properties of stainless steel have been investigated by Johnson 
(1966), Wang (1969), Wang et al. (1975), Rasmussen and Hancock (1993), 
Korvink et al. (1995), Talja and Salmi (1995), Macdonald et aL (2000), Gardner 
(2002) and others. The investigations were mainly focused on austenitic 
stainless steel types 304 and 316. Cold-formed high strength stainless steel 
structural members have been increasingly used in structural applications. 
However, little test data are available on the material behaviour of cold-formed 
high strength stainless steel. Therefore, it is important to investigate the 
behaviour of the high strength material. 
The purpose of this paper is to investigation the behaviour of cold-formed high 
strength stainless steel square and rectangular hollow sections. The high strength 
materials of duplex and high strength austenitic stainless steel were investigated. 
The material properties of the test specimens were obtained by tensile coupon 
tests, residual stress measurements and stub column tests. The distributions of 
0.2% proof stress and tensile strength as well as the membrane and bending 
residual stresses distributions in the cross-section of the specimens were 
obtained. The initial local and overall geometric imperfections of the specimens 
were also measured. The investigation would provide a better understanding on 
the behaviour of cold-formed high strength stainless steel sections. Hence, the 
research findings of this study can be used for the development of design rules. 
In addition, the stub column test strengths were compared with the design 
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strengths predicted using the American (2002), AustralianlNew Zealand (200 I) 
and European (1996) specifications for cold-formed stainless steel structures. 
TEST SPECIMENS 
The tests were performed on square hollow sections (SHS) and rectangular 
hollow sections (RHS) of duplex and high strength austenitic stainless steel. The 
test specimens were cold-rolled from flat strips. The specimens consisted of 
seven different section sizes that included four SHS and three RHS. The 
nominal section sizes of the SHS are 40x40x2, 50x50xl.S, ISOxlSOx3 and 
150xlSOx6 mm, and the nominal section sizes of the RHS are 140x80x3, 
160x80x3 and 200xllOx4 mm. The nominal plate thickness (t) of the sections 
ranged from I.S to 6 mm, and the overall depth (D) to thickness ratio ranged 
from 20 to S3.3. Table I shows the measured cross-section dimensions of the 
test specimens using the nomenclature defined in Fig. 1. The cross-section 
dimensions shown in Table 1 are the averages of measured values at both ends 
for each test specimen. 
GEOMETRIC IMPERFECTION MEASUREMENTS 
Initial local and overall geometric imperfections of the specimens were 
measured for the SHS and RHS specimens prior to testing. For local geometric 
imperfection measurements, five SHS and RHS specimens were measured using 
a Mitutoyo Co-ordinate Measuring Machine with an accuracy of 0.001 mm. A 
photograph of the local geometric imperfection measurements is shown in Fig. 
2. The co-ordinate measuring machine uses the standard touch probe for 
inspection and measurement of any objects. The local geometric imperfections 
for each specimen were measured at mid-length and SO mm away from both 
ends of the specimens of 400 mm in length, as shown in Fig. 3. The measured 
local geometric imperfection profiles of the SHS 50xSOx 1.S and RHS 
200x 11 Ox4 are shown in Figs 4 and 5, respectively. The vertical axis plotted the 
measured local imperfections and the horizontal axis plotted the location in 
cross-section of the specimens. Readings were taken at 2 mm intervals across 
the cross-section. The negative values of local imperfection measurements 
indicated the concave profiles and the positive values indicated the convex 
profiles. The maximum measured local geometric imperfections were 0.113, 
0.164, 0.343, 0.460 and 1.084 mm for 40x40x2, SOxSOxl.S, 140x80x3, 
l60x80x3 and 200x llOx4 specimens, respectively. 
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For overall geometric imperfection measurements, stub column specimens of 
600 mm in length were measured for both major and minor axes of the SHS 
specimens, and minor axis flexural imperfections were recorded for the RHS 
specimens. Theodolites were used to obtain readings at mid-length and near both 
ends of the specimens. The initial overall geometric imperfections at mid-length 
normalized with respect to the specimen length (L) were 112779, 114724, 1I429S, 
1/7874 and 114724 for ISOxISOx3, ISOxISOx6, 140x80x3, 160x80x3 and 
200xllOx4 specimens, respectively. 
RESIDUAL STRESS MEASUREMENTS 
The magnitudes and distributions of residual stresses for the cold-formed high 
strength stainless steel sections were obtained. The residual stress measurements 
were conducted on two RHS 200xllOx4 specimens. The length of each 
specimen was 300 mm. The longitudinal residual strains were measured by the 
method of sectioning, and the strains were converted to residual stresses. The 
RHS specimens were marked into strips of 8 and 10 mm widths for first and 
second specimens, respectively. 
In the first specimen, the residual strains were measured using a Cambridge Insitu 
electrical demountable extensometer as described by Denston and White (1977). A 
gauge length of 100 mm was marked on the outer and inner surfaces of each 
strip for half of the cross-section. The initial readings before cutting were 
recorded for each strip together with the corresponding temperature. The 
specimen was then cut into strips using an AGIE wire cut machine with an 
accuracy ofO.OOS mm, and a wire diameter was 0.2S mm. The specimen was cut 
by a wire-cutting method under water to eliminate the additional stresses 
resulting from the cutting process, as shown in Fig. 6. The readings were taken 
after cut and the corresponding temperature was also recorded. The readings 
were corrected for temperature difference before and after cutting. The residual 
strains were measured for both outer and inner surfaces of each strip. 
In the second specimen, the residual strains were measured using strain gauges 
that attached onto the outer and inner surfaces at mid-length of each strip. The 
gauges were attached around half of the cross-section. The method of cutting is 
identical to the first specimen, where wire-cutting method under water was used. 
Readings of strains and temperature were recorded before and after cutting, and 
403 
the temperature difference was also corrected. There were more data obtained in 
a cross-section for the second specimen compared to the first specimen. 
For both specimens, readings were taken before and after cutting the specimen 
into strips, and the changes in longitudinal strains were converted to residual 
stresses by multiplying the changes by the measured Young's modulus as 
obtained from the tensile coupon tests for coupons taken from the centre of the 
face at 90° angle from the weld, as shown in Fig. 1. The membrane and bending 
residual stresses were calculated as the average and the difference in residual 
stress measurements at the two surfaces, respectively. Two sets of measurements 
were recorded for each specimen, and the average values were used for plotting the 
results. After cutting the specimen, the negative value indicates a compressive 
membrane stress, and the negative value of bending stress indicates higher 
tensile (or lower compressive) residual strain at the inner surface of the cross-
section. Figs 7 and 8 show the membrane and bending residual stresses 
distributions in the cross-sections of the two RHS 200x 11 Ox4 specimens, 
respectively. 
TENSILE COUPON TESTS 
Longitudinal tensile coupons of each SHS and RHS specimens were tested to 
determine the material properties. The type of stainless steel (duplex and high 
strength austenitic) for each specimen is shown in Table 2. Both flat and corner 
coupons were tested. The flat coupon dimensions conformed to the Australian 
Standard AS 1391 (1991) for the tensile testing of metals using 12.5 mm wide 
coupon and a gauge length of 50 mm. The corner coupon dimensions were 6 
mm wide and a gauge length of 25 mm. Holes having a diameter of 8.5 mm 
were drilled at a distance of20 mm from the ends of the corner coupons, and the 
coupons were tested between two pins. This avoids the bending stresses that 
could be introduced into the unsymmetrical shaped coupons during the test upon 
application of tensile stress. Fig. 9 shows the tensile coupon tests arrangement 
for the flat and corner coupons. 
A 250 kN capacity MTS displacement controlled testing machine using friction 
grips was used for the coupon tests. The calibrated extensometers of 50 and 25 
mm gauge lengths were used to measure the longitudinal strain for the flat and 
corner coupons, respectively. In addition, two linear strain gauges were attached 
to each coupon at the center of each face. The strain gauges readings were used 
to determinate the initial Young's modulus. A data acquisition system was used 
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to record the load and the readings of strain at regular intervals during the tests. 
The static load was obtained by pausing the applied straining for 1.5 minutes 
near the 0.2% proof stress and the ultimate tensile strength. This allowed the 
stress relaxation associated with plastic straining to take place. 
Two series of tensile coupon tests were conducted. The first series comprised 
flat coupons taken from the centre of the face at 90° angle from the weld for all 
specimens, and the location of the coupons is shown in Fig. I. The second series 
comprised flat and corner coupons in cross-section of RHS 160x80x3 and 
200x 11 Ox4 for half of the cross-section, and the label of the coupons are shown 
in Fig. 10. The material properties obtained from the coupon tests are 
summarized in Tables 2 and 3 for the first and second test series, respectively. 
The measured material properties are the static 0.2% proof stress (aO.2), static 
tensile strength (al/), initial Young's modulus (Eo) and elongation after fracture 
(Ef) based on the gauge lengths of 50 and 25 mm for the flat and corner coupons, 
respectively. The measured stress-strain curves obtained from the tensile coupon 
tests were also used to detennine the parameter n using the Ramberg-Osgood 
expression (Ramberg and Osgood 1943). The parameter n is used to describe the 
shape of the curve, which was obtained from the measured 0.0 I % (ao.ol) and 
0.2% (a02) proof stresses using n = In(0.01l0.2) / In(aom/ao.2)' The values of n 
are also shown in Tables 2 and 3. The stress-strain curves obtained from the 
tensile coupon tests at 90° angle from the weld for all specimens are shown in 
Fig. 11. The stress-strain curves of the corner and flat coupons for RHS 
160x80x3 are plotted on the same graph, as shown in Fig. 12 using the coupon 
label defined in Fig. lO(a). It is expected that the tensile strength of the corner 
coupons is higher than the flat coupon, whereas the elongation after fracture of 
the corner coupons is less that the flat coupon. This is due to the corners of the 
section undergoes large amounts of cold-worked compared to the flat coupon 
during the cold-rolling process. It is shown that the aO.2 and aI/ of the corner 
coupons increased by 49 and 43% compared with the flat coupons (excluded the 
flat coupons at the weld) for RHS 160x80x3, respectively. The aO.2 and a" of the 
corner coupons increased by 84 and 35% compared with the flat coupons for 
RHS 200x II Ox4, respectively. The static 0.2% proof stress (aO.2) and tensile 
strength (al/) distributions in the cross-section for RHS 200x 11 Ox4 are shown in 
Fig. 13. 
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STUB COLUMN TESTS 
Stub column tests of the cold-formed high strength stainless steel SHS and RHS 
were conducted to determine the material properties of the complete cross-
section in the cold-worked state. The stub column test strengths were also 
obtained. A total of nine stub columns were tested. The length of the stub 
column specimens complied with the Structural Stability Research Council 
guidelines (Galambos 1998). The measured cross-section dimensions and 
specimen length of the stub columns are shown in Table I. 
The test rig of the stub column tests are shown in Figs 14 and IS. The columns 
were tested between fixed ends. The fixed-ended bearings were restrained 
against the minor and major axis rotations as well as twist rotations and warping. 
Two steel end plates were welded to the ends of each column specimen to 
ensure full contact between the specimen and end bearings. Four longitudinal 
strain gauges were attached at mid-length of the stub columns. The strain gauges 
were located at the comers of the sections, as shown in Fig. 16. In addition, 
three laser displacement transducers were used to measure the axial shortening 
of the specimens. 
A 2S00 kN capacity DARTEC servo-controlled hydraulic testing machine was 
used to apply compressive axial force to the test specimens. Displacement 
control was used to drive the hydraulic actuator at a constant speed of O.S 
mm/min for all test specimens. The use of displacement control allowed the tests 
to be continued into the post-ultimate range. A data acquisition system was used 
to record the applied load and the readings of the laser displacement transducers 
as well as the strain gauge readings at regular intervals during the tests. The 
static load was recorded by pausing the applied straining for I.S minutes near 
the ultimate load for all stub columns, except for the SHS SOx50x I.S columns. 
The static ultimate loads were 4.8, 3.6, 3.3, 4.4, 4.0 and 4.l % lower than the 
ultimate load without pausing the applied straining for 40x40x2, ISOxISOx3, 
ISOxlSOx6, 140x80x3, 160x80x3 and 200xllOx4 specimens, respectively. The 
column test procedure and the fixed-ended bearings used in this study are 
identical to the tests conducted by Young and Hartono (2002) and Young and 
Liu (2003) for the cold-formed austenitic stainless steel type 304 columns. 
Table 4 shows the measured material properties obtained from the stub column 
tests, which included the static 0.2% proof stress (aO.2), static tensile strength 
(a/l) , initial Young's modulus (Eo). and parameter n that calculated using the 
same method as the tensile coupon tests. The material properties were obtained 
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from the average values of the four strain gauges. The stress-strain curves 
obtained from the stub column tests using the strain gauges reading are shown in 
Fig. 17. The experimental ultimate loads (PExp) and the failure mode of the stub· 
columns are shown in Table 5. Two stub column tests were repeated and the test 
results for the repeated tests are very close to the first test values, with a 
difference of 3.0% and 1.1% for 40x40x2 and 50x50xL5 specimens, 
respectively. The small difference between the repeated tests demonstrated the 
reliability of the test results. AU specimens were failed by local buckling (L), 
except for the 40x40x2 and 150x 150x6 specimens that failed by yielding of 
material (Y), as shown in Table 5. The stub column tests of SHS 40x40x2 failed 
by yielding of material as shown in Fig. 14, and RHS 200xllOx4 failed by local 
buckling as shown in Fig. IS. 
COMPARISON OF STUB COLUMN TEST STRENGTHS WITH 
DESIGN STRENGTHS 
The stub column test strengths (PExp) are compared with the unfactored design 
strengths predicted using the American (2002), AustralianlNew Zealand (200 I) 
and European (1996) specifications for cold-formed stainless steel structures. 
The design strengths were calculated using the material properties obtained from 
both the tensile coupon tests and stub column tests as shown in Tables 2 and 4, 
respectively. The material properties of the tensile coupon tests at 90° angle 
from the weld were used. The 0.2% proof stress was used as the corresponding 
yield stress. Table 5 shows the comparison of the stub column test strengths with 
the design strengths, where P ASt'£, PASINZS and PEC) are the design strengths 
calculated using the material properties obtained from the tensile coupon tests 
for American, AustralianlNew Zealand and European specifications, 
respectively. The P:SCE ' P;SINZS and P;Cl are the design strengths calculated 
using the material properties obtained from the stub column tests. The columns 
were designed as concentrically loaded compression members and the effective 
length was taken as one-half of the column length. 
In calculating the ASCE design strengths, the tangent modulus (EI) was 
determined using Equation (B-2) in Appendix B of the ASCE Specification. The 
Ramberg-Osgood parameter n, initial Young's modulus (Eo) and 0.2% proof 
stress (0'0.2) are required to determine the tangent modulus, thus an iterative 
design procedure is involved. The AustralianlNew Zealand Standard (AS/NZS 
200 I) allow the use of Euler column strength that is identical to the American 
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Specification (ASCE 2002) or the Perry curve, and the Perry curve has been 
used in this study. In calculating the AS/NZS design strengths, the values of the 
parameters cr, p /"0 and /"1 are required, which depend on the type of stainless 
steeL These parameters were detennined from the equations given by 
Rasmussen and Rondal (1997). The material properties of the tensile coupon 
tests at 900 angle from the weld were used to detennine these parameters. For 
the calculation of the design strengths using the Eurocode 3 (EC3 1996), the 
values of imperfection factor and limiting slenderness were taken as 0.49 and 
0.4 respectively, which were obtained from Table 5.2 of the Code. The three 
specifications require the determination of effective cross-section area (Ae) of 
the column. In Table 5, the effective areas Ae and A: for the ASCE 
Specification calculated using the material properties obtained from the tensile 
coupon and stub column tests, respectively, were found to be equal to the gross 
area (A) of cross-section (fully effective) for 40x40x2 and 150x 150x6 
specimens that indicated the columns failed by yielding of material, which was 
in agreement with the tests. The effective areas were found to be less than the 
gross area of cross-section for 50x50x1.5, 150x150x3, 140x80x3, l60x80x3 
and 200x II Ox4 specimens that indicated local buckling occurred in the 
columns, which was also in agreement with the tests. 
The design strengths predicted by the ASCE, AS/NZS and EC3 Specifications 
using the material properties obtained from the tensile coupon and stub column 
tests are conservative, except for 150x l50x3 specimen calculated using the 
material properties obtained from the tensile coupon test, as shown in Table 5. 
The design strengths predicted by the EC3 Code using the material properties 
obtained from the tensile coupon tests are unconservative for 160x80x3 and 
200x 11 Ox4 specimens. The mean values of Pe,p / PASCE ' PExP / PASINZS and 
~Xl' / PEn ratios are 1.07, 1.07 and 1.04 with the corresponding coefficients of 
variation (COY) of 0.107, 0.107 and 0.134, respectively, for all column 
specimens calculated using the material properties obtained from the tensile 
coupon tests as shown in Table 5. The mean values of PE'1' / P;sa, PExp / P;SINZS 
and PUP / Pf~CJ ratios are U5, 1.15 and 1.13 with the corresponding COY of 
0.051,0.051 and 0.042, respectively, for all column specimens calculated using 
the material properties obtained from the stub column tests. 
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CONCLUSIONS 
The behaviour of cold-fonned high strength stainless steel sections has been 
described. Square and rectangular hollow sections cold-rolled from duplex and 
high strength austenitic stainless steel were investigated. Initial local geometric 
imperfections of the sections were measured and the imperfection profiles were 
presented. The membrane and bending residual stresses were measured using 
the method of sectioning and the residual stresses distributions in the cross-
section of the specimens were presented. Tensile coupon tests were conducted at 
different locations in the cross-section of the specimens that included flat and 
corner coupons. It is shown that the material properties of 0.2% proof stress and 
tensile strength of the corner coupons increased up to 84 and 43% compared 
with the flat coupons (excluded the flat coupons at the weld), respectively. The 
distributions of 0.2% proof stress and tensile strength in the cross-section of the 
specimens were also presented. Stub column tests were also conducted to 
determine the material properties of the complete cross-section in the cold-
worked state. Furthennore, the stub column test strengths were compared with 
the design strengths predicted using the American, AustralianlNew Zealand and 
European specifications for cold-fonned stainless steel structures. It is shown 
that the design strengths predicted by the three specifications are generally 
conservative for the cold-fonned high strength stainless steel stub columns. 
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APPENDIX - NOTATION 
Thefollowing symbols are used in this paper: 
gross area (unreduced cross-section); 
effective area (reduced cross-section) calculated using material 
properties obtained from tensile coupon tests; 
effective area (reduced cross-section) calculated using material 
properties obtained from stub column tests; 
overall width of specimen; 
overall depth of specimen; 
initial Young's modulus; 
tangent modulus; 
length of specimen; 
exponent in Ramberg-Osgood expression; 
unfactored design strengths calculated using material properties 
obtained from tensile coupon tests for the American Specification; 
unfactored design strengths calculated using material properties 
obtained from stub column tests for the American Specification; 
unfactored design strengths calculated using material properties 
obtained from tensile coupon tests for the AustralianlNew Zealand 
Standard; 
unfactored design strengths calculated using material properties 
obtained from stub column tests for the AustralianlNew Zealand 
Standard; 
unfactored design strengths calculated using material properties 
obtained from tensile coupon tests for the European Code; 
unfactored design strengths calculated using material properties 
obtained from stub column tests for the European Code; 
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FExp experimental ultimate load (test strength); 
rj inner comer radius of specimen; 
1'0 outer comer radius of specimen; 
plate thickness of specimen; 
a parameter used to define imperfection parameter; 
f3 parameter used to define imperfection parameter; 
Sf elongation (tensile strain) after fracture based on gauge length of 
500r25mm; 
/"'0 parameter used to define imperfection parameter; 
/"'1 parameter used to define imperfection parameter; 
0'0.01 static 0.0 I % tensile proof stress; 
0'0.2 static 0.2% tensile proof stress; and 
au static tensile strength. 
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Fig. 1. Definition of symbols and location of tensile coupon in 
cross-section 
fig. 2. Mitutoyo co-ordinate measuring machine for local imperfection 
measurements 
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Fig. 4. Measured local geometric imperfection profiles of SUS 50x50x1.5 
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Fig. 5. Measured local geometric imperfection profiles of RUS 200xllOx4 
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Fig. 7. Measured membrane residual stress distributions in cold-formed high 












Fig. 8. Measured bending residual stress distributions in cold-formed high 
strength stainless steel RHS 200xll0x4 
416 
(a) Flat coupon test (b) Corner coupon test 
Fig. 9. Tensile coupon tests arrangement 
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Fig. 10. Location and label of tensile coupons in cross-section for 
RHS 160><80><3 and 200><110><4 
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Fig. 11. Stress-strain curves obtained from tensile coupon tests at 90° angle 
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Fig. 13. Static 0.2 % proof stress (0'0.2) and tensile strength (O'u) distributions 
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Fig. 14. Stub column test of SHS 40x40x2 
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Fig. 17. Stress-strain curves obtained from stub column tests 
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Specimen Depth Width Thickness Outer Inner Length Area Radius Radius 
D B I ro r, L A 
(mm) (mm) (mm) (mm) (mm) (mm) (mm1) 
40><40><2 40.1 39.9 1.945 3.8 1.8 300 288 
40x40x2' 40.1 40.0 1.947 3.8 1.8 300 289 
50x50 xl.5 50.1 50.3 1.584 2.8 1.5 300 295 
50x50x1.5' 50.0 50.3 1.548 2.8 1.5 300 289 
150><150x3 150.5 150.5 2.796 7.0 4.6 600 1607 
150x150x6 150.6 150.2 5.855 12,3 5,3 601 3382 
140x80x3 140.0 78,8 3.075 10.0 7.0 600 1258 
160x80x3 160,1 80.8 2,869 9.0 6.3 600 1305 
200><IIOx4 196.2 108.5 4,010 13.0 9.1 600 2291 
Note: II Second test; 1 in = 25.4 mm. 
Table 1. Measured Specimen Dimensions 
Specimen Type aO.2 all Eo f.[ I n 
DxBxt(mm) (MPa) (MPa) (GPa) (%) 
40x40x2 Duplex 707 827 216 29 4 
50x50xl.S Duplex 622 770 200 37 5 
150xl50x3 H.S.A. 448 699 189 52 4 
150xl50x6 H.S.A. 497 761 194 52 3 
140x80x3 Duplex 486 736 212 47 6 
160x80x3 Duplex 536 766 208 40 5 
200xllOx4 H.S.A. 503 961 200 36 4 
Note: H.S.A. = High Strength Austenitic; 1 in = 25.4 mm; 1 ksi 6.89 MPa. 
Table 2. Material Properties obtained from Tensile Coupon Tests at 90° 
Angle from the Weld 
422 
Coupon 00.2 0" 6/ n 
(MPa) (MPa) (GPa) (%) 
160x80x3-W1 484 519 150 3 
160x80x3-C2 752 1048 213 12 3 
160x80x3-F3 557 770 202 39 8 
160x80x3-F4 536 766 208 40 5 
160x80x3-F5 505 732 195 40 5 
160x80x3-C6 667 887 214 23 4 
160x80x3-F7 573 769 220 36 7 
200x11Ox4-Wl 384 629 191 13 3 
200x11Ox4-F2 545 926 200 39 4 
200x IlOx4-C3 919 1253 219 32 5 
200x 11 Ox4-F4 519 941 180 36 4 
200x 11Ox4-F5 503 961 200 36 4 
200x 11Ox4-F6 533 938 214 36 3 
200x 11Ox4-C7 635 1105 207 34 4 
200x 11 Ox4-F8 533 933 200 35 6 
200x 11 Ox4-F9 499 926 198 -- 3 
Note: 1 ksi = 6.89 MPa; F Flat; W = Weld; C = Comer. 
Table 3. Material Properties obtained from Tensile Coupon Tests in Cross-
section for RHS 160x80X) and 200xllOx4 
423 
Specimen aO.2 all Eo n 
D xB xt (mm) (MPa) (MPa) (GPa) 
40x40x2 757 854 226 3 
40x40x2# 750 825 218 3 
50x50xl.5 608 618 200 4 
50x50xl.5# 612 613 206 3 
150x150x3 250 254 198 7 
150x150x6 506 570 195 3 
140x80x3 441 444 214 6 
160x80x3 390 411 213 9 
200xl10x4 394 418 222 4 
Note: # Second test; 1 in = 25.4mm; 1 ksi = 6.89 MPa. 
Table 4. Material Properties obtained from Stub Column Tests 
Specimen Test ASCE Comparison 
DxBx( P Exp FaHure A A, A; ~ Pup i~ I~I~ (mUl) (kN) mode (mm') (mm') (mm') PASCE PASiNZS PECl ~ce : P ASINZS 
40.40.2 245.3 Y 287 287 287 1.21 1.21 1.21 1.13 1.13 
40.40x2' 238.0 Y 287 287 287 1.17 1.17 1.17 1.10 LlO 
50.50x 1.5 175.7 I. 290 258 260 1.09 1.09 1.07 1.11 1.11 
50x50xl.5' 177.6 L 290 258 260 1.11 1.11 1.08 1.12 1.12 
150xl50x3 408.6 L 1607 1093 1356 0.83 0.83 0.75 1.20 1.20 
150xl50x6 1927.4 Y 3382 3382 3382 1.15 1.15 1.15 1.13 1.13 
140x80x3 558.2 L 1257 1101 1122 1.04 1.04 1.02 1.13 1.13 
160x80x3 537.3 L 1306 1006 1078 1.00 1.00 0.95 1.28 1.28 
200.1I0x4 957.0 L 2291 1907 2040 1.00 1.00 0.91 1.19 1.19 
Mean _.-
--- --- ---





0.107 0.107 0.134 0.051 0.051 
No[e: # Second [csl; 1m ~ 25.4 mm; I kIp = 4.45 kN; Y = Malenal YIelding; L = Local buckhng . 














Table 5. Comparison of Stub Column Test Strengths with Design Strengths 
